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1. 

APPARATUS AND METHOD FOR FLUID 
PROCESSING OF ELECTRONIC PACKAGNG 

WITH FLOW PATTERN CHANGE 

FIELD OF THE INVENTION 

The invention relates to devices for treating elec 
tronic components such as printed circuit boards and, in 
particular, a device for varying the flow of fluid about 
the item being treated. The invention also relates to a 
method of treating electronic components with a fluid. 

BACKGROUND OF THE INVENTION 

The use of fluid to perform various functions in the 
manufacturing and processing of electronic components 
such as printed circuit boards is well known. For in 
stance, fluids are used to etch away certain portions of 
multi-layer circuit boards for example. The fluid treat 
ment of electronic devices often involves immersing the 
devices in the treating fluid. However, the fluid in such 
treating baths is usually stagnant and, therefore, the 
fluid adjacent the device being treated often becomes 
saturated with the material being removed from the 
device. Saturation of the fluid decreases the amount of 
material which is removed from the device by an 
amount of fluid, decreasing the efficiency of the process 
and increasing the amount of fluid required to treat a 
substrate with a given area. 

In order to avoid the problems associated with stag 
nant, saturated fluid next to the substrate being treated, 
devices were developed to direct fluid flow onto the 
surface of the electronic substrates being treated. Al 
though these devices provide for improved process 
speed and uniformity compared to the previously 
known devices, and at least partially minimized chemi 
cal usage in environmental impact, such devices still 
produce regions in which the processing liquid is rela 
tively stagnant. 

In areas of stagnant fluid, such as the interiors of holes 
in substrates, whatever fluid reaches such areas tends to 
be retained on or in these areas (a phenomenon called 
puddling). Relatively little fresh fluid reaches these 
areas. Moreover, sprays often re-deposit or re-position, 
rather than remove, debris on the substrate, which then 
requires the use of additional sprays. Consequently, the 
use of sprays often requires the use of an undesirably 
large amount of processing area, which is also uneco 
nomic. While attempts have been made to orient sprays 
to achieve directionality and thereby overcome some of 
the above-mentioned disadvantages, these attempts 
have typically been accompanied by a torque being 
imposed upon the substrate by the directed spray. This 
results in instabilities in the motion of the substrate, 
often causing jamming of the substrate in the corre 
sponding processing equipment, resulting in damage to 
the substrate or equipment, which is undesirable and 
counterproductive. 
As stated above, the reaction in areas of stagnant fluid 

may be reduced since fresh chemical is not replenished 
as rapidly. Also, particles contaminants can build-up in 
these regions which cause defects in the devices being 
processed. All of these problems with the prior art can 
result in a reduction in the uniformity of the process. 

SUMMARY OF THE INVENTION 

The present invention solves problems present in the 
prior art by providing fluid treatment devices using 
special fluid bearing and/or impinging jet geometries 
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2 
and methods of treating such substrates with such de 
vices. According to preferred aspects of the present 
invention, processing fluids are applied by the present 
invention repeatedly in time sequence through a variety 
of fluid configurations. The rapidly changing liquid 
flow patterns sweep away stagnant treatment fluid and 
improve process speed and uniformity. The present 
invention may also minimize rinse water usage and 
environmental impact compared to known processing 
structures for electronic packaging. By repeatedly 
changing the flow pattern of the stagnant regions of 
treatment fluid located at different places in each flow 
pattern are prevented thereby preventing part of a 
build-up. Any stagnant regions in the fluid flow pattern 
are swept away by the changing flow pattern. Further, 
by changing the fluid flow pattern treatment fluid is 
provided to an action site and replenished. The change 
in the fluid flow pattern also breaks up chemical bound 
ary layers near the device surface. 
According to preferred aspects, the present invention 

provides a fluid treatment apparatus comprising at least 
one fluid flow manifold. The fluid flow manifold con 
prises at least one fluid head positioned on a first side of 
a substrate to be treated by the treatment fluid. The 
fluid flow manifold includes at least two sets of fluid jet 
injectors. The fluid flow manifold also includes means 
for receiving a treatment fluid and directing the treat 
ment fluid into the fluid jet injectors. Each of the fluid 
jet injectors creates a fluid jet of the treatment fluid 
impinging upon the substrate. Means connected with 
the first flow manifold supplies treatment fluid to the 
manifold. Means connected between the supply means 
and the first fluid flow manifold alternates the flow of 
treatment fluid between these sets of fluid jet injectors. 
The fluid source is connected to the fluid supply means 
for supplying fluid to the fluid flow manifold. 
According to other preferred aspects, the present 

invention also provides a fluid treatment apparatus, 
comprising a first fluid supply assembly including a 
plurality of fluid supply channels formed therein. The 
fluid supply assembly is located adjacent a first surface 
of a substrate to be treated. An injector mask interposed 
between the first fluid supply assembly and the substrate 
has a plurality of apertures which selectively obstruct 
some of the fluid supply channels. Alternatively, when 
a fluid supply is aligned with an aperture, the aperture 
allows fluid to pass from the fluid supply channels to the 
substrate. As the fluid flows through the apertures in 
the mask, it is formed into fluid jets. 
According to this aspect of the invention, means is 

included for supplying a treatment fluid to the fluid 
supply assembly and to the fluid supply channels. A 
fluid source is, in turn, connected to the fluid supplying 
e2S. 

To vary the flow of the treatment fluid means is pro 
vided for moving the fluid supply assembly and the 
injector mask relative to each other whereby the fluid 
supply channels aligned with the apertures in the injec 
tor mask and the fluid supply channels obstructed by 
the injector mask may be altered. 
The present invention also includes a method for 

treating a substrate. The method varies, depending 
upon the embodiment of the fluid treatment apparatus 
used. One method of treating a substrate with a fluid 
includes the step of providing a fluid treatment appara 
tus adjacent a surface of the substrate to be treated. The 
fluid treatment apparatus comprises at least one fluid 
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flow manifold including at least one fluid head. The 
fluid flow manifold includes at least two sets of a plural 
ity of fluid jet injectors formed therein. Means is in 
cluded in the apparatus for receiving a fluid and direct 
ing the fluid into the fluid jet injectors. Means intercon 
nected with the first fluid flow manifold supplies the 
fluid to the fluid injector jets. Means connected be 
tween the supply means and the fluid flow manifold 
alternates a flow of the fluid through the sets of fluid jet 
injectors. Also, a fluid source is connected to the fluid 
supplying means. The method also includes the step of 
introducing a fluid into the fluid supply means. Further, 
the method includes the step of causing the fluid to flow 
alternately through one or more of the sets of the fluid 
jet injectors. Fluid is caused to flow through the sets of 
fluid jet injectors through which fluid did not previ 
ously flow. The method additionally includes the step 
of draining fluid away from the fluid flow manifold and 
the said substrate. 

If the method of the present invention is practiced 
with an apparatus of the present invention including a 
Substrate, injector mask, and fluid supply assembly 
which move relative to each other, the invention in 
cludes the step of locating a fluid supply assembly adja 
cent a surface of a substrate to be treated. The fluid 
supply assembly comprises a plurality of fluid supply 
channels formed therein. An injector mask is located 
between the fluid supply assembly and the surface of the 
substrate. The injector mask comprises a plurality of 
apertures formed therethrough. The apertures form the 
fluid flowing through them into fluid jets. The mask 
selectively obstructs some of the fluid supply channels 
and allows fluid to flow from the other fluid supply 
channels to the surface of the substrate by aligning a 
portion of the apertures in the injector mask with the 
fluid supply channels of the fluid flow manifold. Fluid is 
supplied to the fluid supply assembly and to the fluid 
supply channels. The position of the fluid supply assem 
bly and the injector mask are altered relative to each 
other whereby the fluid supply channels aligned with 
the apertures in the injector mask and the fluid supply 
channels obstructed by the injector mask are altered. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents a schematic view of one embodi 
ment of a fluid flow treatment apparatus according to 
the present invention; 

FIG. 2 represents a schematic view of a fluid injector 
pattern in a fluid flow manifold according to one em 
bodiment of the present invention; 

FIG. 3 represents a schematic view of another em 
bodiment of a fluid treatment apparatus according to 
the present invention; 

FIG. 4 represents a schematic view of a second em 
bodiment of a fluid injector pattern for use with a fluid 
treatment apparatus according to the present invention; 

FIG. 5 represents a cross-sectional view of a third 
embodiment of a fluid treatment apparatus according to 
the present invention; 

FIG. 6 represents a cross-sectional view of a fourth 
embodiment of a fluid treatment apparatus according to 
the present invention; 

FIG. 7 represents an overhead view of the embodi 
ment shown in FIG. 5; 
FIG. 8 represents a cross-sectional view of a portion 

of the apparatus shown in FIG. 7, showing an embodi 
ment of an injector mask according to the present in 
vention; 
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4. 
FIG. 9a represents a cross-sectional view of an em 

bodiment including a fluid supply assembly and an in 
jector mask showing the various physical dimensions of 
components of the embodiment; 
FIG.9b represents a schematic overhead view of the 

placement of the apertures in the injector mask; 
FIG. 10 represents a cross-sectional view taken along 

the line I in the embodiment shown in FIG. 3; 
FIG. 11 represents a cross-sectional view taken along 

the line II in the embodiment shown in FIG. 3; and 
FIGS. 12-15 represent a sequential view the move 

ment of the fluid supply assembly and the fluid supply 
channels relative to the apertures in the fluid injector 
mask. 

BEST AND VARIOUS MODES FOR CARRYING 
OUT THE INVENTION 

According to the present invention, a fluid treatment 
apparatus for producing multiple and varying flow 
patterns for directing a treatment fluid against a sub 
strate. FIG. 1 shows the overall structure of one em 
bodiment of a fluid treatment apparatus according to 
the present invention. The embodiment of the fluid 
treatment apparatus according to the present invention 
shown in FIG. 1 includes a fluid flow manifold 2 for 
directing treatment fluid toward a surface 3 of a sub 
strate 4. 
The fluid flow manifold 2 includes at least two sets of 

fluid jet injectors 6 and 8, shown in FIG. 2. Each set of 
fluid jet injectors 6 and 8 preferably includes a plurality 
of injectors 10 and 12, respectively. Each set of fluid jet 
injectors preferably creates at least one flow path for 
directing the treatment fluid toward the surface of the 
substrate. 
As shown in FIG. 1, the inventive apparatus also 

includes the substrate, preferably a printed circuit 
board, at a distance, H, from the surface 5 of the fluid 
flow manifold. 

Preferably, each of the fluid jet injectors is of equal 
diameter, D, which ranges from about 5 mils (0.005 
inches) to about 250 mils (0.25 inches). Fluid jet injec 
tors having diameters smaller than about 5 mils are 
undesirable because they are difficult to fabricate. On 
the other hand, fluid jet injectors having diameters 
greater than about 250 mils are undesirable because they 
require an undesirably large amount of pump flow to 
produce fluid jets. 
The drilled holes which constitute the fluid jet injec 

tors are preferably all of equal length, L. In this regard, 
the ratio L/D preferably ranges from about 0.5 to about 
40. Ratios less than about 0.5 are undesirable because 
they result in poorly developed fluid jets. Ratios greater 
than about 40 are undesirable because the correspond 
ing fluid jet injectors are difficult to fabricate and re 
quire an undesirably large amount of pump energy to 
achieve a useful flow rate. 
The fluid jet injectors are preferably equidistantly 

spaced, with the center-to-center spacing between adja 
cent fluid jet injectors being denoted by S. The ratio 
S/D is necessarily greater than one (a ratio S/D = i 
implies the fluid jet injectors are touching) but is prefer 
ably equal to or less than about 20. Ratios greater than 
about 20 are undesirable because after the correspond 
ing fluid jets impinge upon the substrate 4, it has been 
found that the resulting fluid flows separate from the 
surface of the substrate 4 and form a region of recircu 
lating fluid, which permits undesirable re-deposition of 
debris or spent fluid. 
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With reference to FIG. 1, as noted above, the fluid 
jets injected by the fluid jet injectors are to be sub 
merged fluid jets, i.e., the fluid jets are to be injected 
into a layer of spent fluid covering the surface 3 and 
substantially filling the space between the surface 5 and 
the substrate 4. Such submerged fluid jets are achieved, 
in accordance with the invention, by bringing the sub 
strate 4 into proximity with the surface 5 so that the 
ratio H/D ranges from about 0.2 to about 15. Ratios 
smaller than about 0.2 are undesirable because the sub 
strate 4 is then so close to the surface 5 that the substrate 
is likely to become jammed against the surface 5. On the 
other hand, ratios greater than about 15 are undesirable 
because the substrate 4 is then so far from the fluid jet 
injectors that the corresponding fluid jets lose an unde 
sirably large amount of momentum before impinging 
upon the substrate 4. 

If the kinematic viscosity of the supplied fluid is de 
noted by nu and the speed of the fluid jets at the fluid jet 
injectors is denoted by V, then the Reynolds number 
associated with each of the fluid jets, defined as the ratio 
VD/nu, preferably ranges from about 50 to about 
30,000. Reynolds numbers less than about 50 are unde 
sirable because the corresponding fluid jets have unde 
sirably small momenta. On the other hand, Reynolds 
numbers greater than about 30,000 are undesirable be 
cause the achievement of such high Reynolds numbers 
requires undesirably high plenum pressures. 

In the embodiment shown in FIG. 1, the fluid flow 
manifold 2 is connected to fluid supply means for sup 
plying fluid to the manifold and hence to the injectors. 
Means is also provided to alternate the flow of fluid 
between the sets of injectors. Additionally, the fluid 
supply means is connected to a fluid source. 

Preferably, the fluid jet injectors 10 and 12 are ar 
ranged in an alternating pattern whereby adjacent fluid 
jet injectors are not from the same set of fluid jet injec 
tors. One possible arrangement for the sets of fluid jet 
injectors is shown in FIG. 2. The embodiment shown in 
FIG. 2 includes two sets of fluid jet injectors 6 and 8. 
The injectors 10 of one set 6 are labeled A; the injectors 
12 of the second set 8 are labeled B. As can be seen in 
FIG. 2, in each horizontal row and vertical column, the 
fluid jet injectors are alternately arranged. Therefore, in 
each row and each column, no fluid jet injector from 
one array is adjacent another fluid jet injector from that 
array. Consequently, moving down each row or col 
umn, the injectors alternate from one array to the other. 
Although the fluid jet injectors 10 and 12 in the embodi 
ment shown in FIG. 2 are arranged in alternating rows 
and columns, the fluid jet injectors 10 and 12 may be 
arranged in any manner which creates a varying fluid 
flow over the surface of the substrate when they are 
alternately activated. 
The fluid flow manifold of the invention may also 

include means for draining fluid from the substrate sur 
face. In the embodiment shown in FIG. 2, the draining 
means comprises a plurality of drain passages 14 formed 
in the fluid flow manifold. Fluid may also drain laterally 
off the surface of the substrate. 
The fluid drains through the passages due mostly to a 

fluid pressure differential between the drain passages 
and the fluid jet injectors. A negative pressure may be 
applied to the drain passages to facilitate the draining of 
the fluid. However, a pressure differential will exist 
without the application of a negative pressure simply 
because the fluid is ejected from the injectors at a pres 
sure and if no pressure is applied to the drain passages. 
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6 
In either case, the fluid will exit the injectors and impact 
the surface of the substrate. As more fluid flows out of 
the injectors, fluid and, consequently, fluid pressure will 
build up between the substrate and the fluid head. The 
fluid will then naturally flow into the drain passages to 
relieve the pressure. 

In the embodiment of the fluid flow manifold shown 
in FIG. 2 the drain passages 14 are arranged in rows and 
columns. Preferably, the injectors are arranged such 
that they are intermediate between injectors and are not 
within the same row or column as the injectors. Al 
though in the embodiment shown in FIG. 2 the drain 
passages 14 are arranged in a regular pattern of rows 
and columns and are interdigitated with the fluid jet 
injectors, the drain passages may be arranged in any 
pattern which allows them to prevent buildup of the 
treatment fluid. For instance the drain passages 14 may 
be aligned with the fluid jet injectors 10 and 12 or pro 
vided in the same rows as the fluid jet injectors. The 
drain holes preferably prevent a build-up of fluid within 
the fluid flow manifold. 

In the embodiment shown in FIG. 1, fluid is supplied 
to the fluid flow injectors 10 and 12 by fluid flow con 
duits 16 and 18. Preferably, there is at least one fluid 
flow supply conduit for each set of fluid flow injectors. 
In the embodiment shown in FIG. 1, the fluid flow 
supply conduit 16 is connected to the array 6 of fluid jet 
injectors and the fluid flow supply conduit 18 is con 
nected to the array 18 of fluid jet injectors. The fluid 
flow supply conduit 16 preferably includes a plurality of 
branch fluid flow supply conduits 16a which are con 
nected directly to the individual fluid jet injectors 10 of 
the set of injectors 6. Preferably, the fluid flow supply 
conduit 16 includes a plurality of branch fluid flow 
supply conduits 16a. Each branch supplies one or more 
fluid jet injectors. 
The other set of fluid jet injectors 8 in the embodi 

ment shown in FIG. 1 preferably is supplied with treat 
ment fluid via a fluid flow supply conduit 18. The fluid 
flow supply conduit 18 supplies treatment fluid to the 
set of fluid flow injectors 8 with a plurality of branch 
fluid flow supply conduits 18a. 

Preferably, the flow of fluid through the sets of fluid 
jet injectors may be varied such that treatment fluid 
flows through one or more sets of injectors at full flow 
and through the other set(s) of injectors at a reduced 
flow. Alternatively, no fluid may flow through the 
other fluid jet injectors while fluid rows through the 
first injectors. The flow rates are then alternated be 
tween the sets of injectors to create a variable flow over 
the substrate surface. 

Fluid flow may be varied between the two sets of 
fluid jet injectors 6 and 8 by providing a fluid flow 
supply conduit 16 and 18 each with a separate fluid 
source and means to pump fluid through the fluid flow 
supply conduits and means to alternate the flow be 
tween the sets of fluid jet injectors. Alternatively, as 
shown in FIG. 1, the present invention preferably in 
cludes means connected to both fluid flow supply con 
duits for alternating the flow of fluid through the fluid 
flow supply conduits 16 and 18 and, hence, the sets of 
fluid jet injectors 6 and 8. In the embodiment shown in 
FIG. 1, the fluid flow alternating means incudes a rotat 
ing valve 20 connected at one end to a main fluid flow 
supply conduit 22 and including two outlets. One outlet 
is connected to the fluid flow supply conduit 16 and the 
other outlet is connected to the fluid flow supply con 
duit 8. 
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The valve 20 preferably includes a plurality of flow 
passages such that as it rotates, it alternately provides an 
interconnection between the fluid flow supply conduit 
16 and the main fluid flow supply conduit 22 and the 
fluid slow supply conduit 18 and main fluid flow supply 
22. Preferably, while fluid is flowing from the main 
fluid flow supply conduit 22 to the fluid flow supply 
conduit 16, no fluid flows from the main fluid flow 
supply conduit 22 into fluid flow supply conduit 18. 
Similarly, while fluid is flowing from the fluid flow 
supply conduit 22 to the fluid flow supply conduit 18, 
preferably no fluid is flowing into the fluid flow supply 
conduit 16. As in the embodiments shown in FIG. 1, the 
valve 20 rotates counterclockwise. However, the direc 
tion of rotation of the valve and the resulting alternation 
of flow into the fluid flow supply conduits may be vari 
able. 

Preferably, the end of the main fluid flow supply 
conduit 22 not connected to the valve 20 is connected to 
a pump 24. The pump 24 preferably supplies fluid from 
a fluid source to the main fluid flow supply conduit 22 
and, in turn, to the valve 20, the fluid flow supply con 
duits 16, 18, the branch fluid flow supply conduits 16a 
and 18a, the fluid jet injectors 10 and 12 of the fluid flow 
manifold 2 and to the surface 3 of the substrate 4. 

In the embodiment shown in FIG. 1, the fluid source 
connected to the pump 20 is a sump or reservoir 26. The 
sump or reservoir 26 may be provided with an initial 
supply of fluid 28 to be pumped through the system and 
then applied to the surface 3 substrate 4. Fluid may also 
flow to the sump 26 from the drain passages 14 formed 
in the fluid flow manifold 2. Further, fluid which has 
previously been applied to the surface 3 of the substrate 
4 may flow off of the surface of the substrate and into 
the sump 26. 

Fluid flowing off of the surface 3 substrate 4 into the 
Sump 26 will contain material removed from the surface 
of the substrate. However, this material may be diluted 
when mixing with the other fluid in the sump. Alterna 
tively, the present invention may include means to drain 
the fluid which has been used to treat the substrate 
away from the system and means to supply further fluid 
to the sump 26 to replace that fluid which has been 
previously used to treat the substrate. Such means may 
be comprised of a barrier interposed between the sub 
strate and the sump which collects fluid as it flows off 
the substrate and prevents it flowing back into the 
Sump. 
Although the embodiment of the present invention 

shown in FIGS. 1 and 2 includes two sets of fluid jet 
injector arrays 6 and 8, the fluid treatment apparatus 
may include more than two fluid jet injector arrays. For 
instance, the embodiment shown in FIG. 3 includes 
three arrays of fluid jet injectors 32, 36, and 40. The 
fluid jet injectors in such an embodiment may be ar 
ranged in any manner so as to provide an alternating 
fluid flow to the surface of the substrate being treated. 

In the embodiment shown in FIG. 3, individual fluid 
jet injectors 34 from the array 32 and 34 from the array 
36 marked A and B respectively are arranged alter 
nately within rows. Alternately arranged with the rows 
of A and B fluid jet injectors are rows of fluid jet injec 
tors 42 from array 40. The fluid jet injectors 42 are 
alternately arranged within the rows with drain pas 
sages 44. An embodiment of the present invention, such 
as that shown in FIG. 3, having three sets of fluid flow 
injectors may provide more fluid flow and more varia 
tion in fluid flow than two sets of injectors in some 
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situations, although the apparatus functions well with 
two SetS. 
An array including three sets of injectors requires 

either three separate fluid flow supply conduits as three 
separate pumps and means to alternate the activation of 
each pump or, alternatively, the fluid supply fluid flow 
supply conduit may be similar to the embodiment 
shown in FIG. 1 wherein a rotating valve is located in 
the fluid flow supply conduit. However, three fluid 
flow injector sets necessitates including a third fluid 
flow supply conduit with a plurality of branch fluid 
flow supply conduits connected to the injectors of the 
third injector set. A three way valve would preferably 
include a third fluid flow supply conduit emanating 
from the valve and additional flow passages within the 
valve providing flow between the main fluid flow sup 
ply conduit connected to the pump and the third set of 
injectors. Such an embodiment preferably would pro 
vide fluid flow to each set of injectors individually 
while restricting flow to the other two. 

FIG. 10 shows a cross-sectional view of the fluid 
flow manifold having three sets of fluid jet injectors 
shown in FIG. 3 at a moment when fluid is flowing 
through the injectors 42 of the set of injectors 40. The 
view shown in FIG. 10 represents a cross-section taken 
along the line I in the embodiment shown in FIG. 3. 
The fluid jet injectors 34 of the set of fluid jet injectors 
32 are fed with fluid by the supply ducts 33. As can be 
seen in FIG. 10, the supply ducts 33 are angled to the 
right and may be seen in longitudinal cross-section in 
FIG. 11. As with the fluid supply ducts supplying the 
other sets of fluid jet injectors, the supply ducts 33 
extend through the fluid flow manifold. Preferably, at 
regularly spaced intervals, a fluid jet injector branches 
off of the supply duct. This branching may be seen in 
more detail lower in FIG. 10 and as described below 
regarding the set of fluid jet injectors 40. 
As also shown in FIG. 10, fluid is supplied to the fluid 

40 jet injectors 38 of the set of fluid jet injectors 36 by the 
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supply ducts 37. As can be seen in FIG. 10, the supply 
ducts 37 angle to the left and may be seen from an alter 
native direction in the embodiment shown in FIG. 11. 
The supply duct 41 for the injectors 42 of the set of 

fluid jetinjectors 40. As can be seen in FIG. 10, the fluid 
supply duct 41 feeds fluid to the fluid jet injectors 42. 
Fluid is supplied to the fluid supply ducts 41 through 
the fluid supply connection 43 which may be connected 
to the three way valve, the fluid pump, and ultimately 
to the sump or reservoir. 
The drain passages 44 may also be seen in cross-sec 

tion in FIG. 10. The drain passages are connected to 
drain ducts 45 which may be connected to a drain con 
duit 30. The drain channels extend orthogonal to the 
cross-section shown in FIG. 10. 
As seen in FIG. 10, the fluid flows into the supply 

duct 41, is then fed into fluid jet injectors 42, impacts 
upon the surface of the substrate 3, and then passes into 
drain passages 44 to be drained through the drain ducts 
45. The sets of fluid jet injectors 32 and 36 are config 
ured and function in a similar manner. All of the fluid 
flowing onto the substrate through all of the fluid jet 
injectors may flow through the same drain channels. 

FIG. 11 shows a cross-section of the fluid flow mani 
fold having three sets of fluid jet injectors along the line 
II in the embodiment shown in FIG. 3 at a moment in 
time when fluid is flowing through fluid jet injectors 34 
of the injector set 32. The supply ducts of the set of fluid 
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jet injectors 32 is shown in longitudinal cross-section in 
FIG. 11. 
The fluid treatment apparatus of the present inven 

tion may also include a second fluid flow manifold 46. 
The second fluid flow manifold may also include at least 
two fluid jet injectors formed therein. The fluid jet 
injector may be arranged as described above with re 
gard to the first fluid flow manifold. In an embodiment 
including two fluid flow manifolds, the second fluid 
flow manifold preferably also includes a drain conduit 
48 common to the drain conduit 30 from the first fluid 
flow manifold. A large substrate may include a large 
fluid flow manifold adjacent one or both sides of the 
Substrate. Alternatively, a large substrate may include a 
plurality of fluid flow manifolds located adjacent sepa 
rate areas of the surface of the substrate. 

Regardless of the embodiment, the diameter of the 
drain holes preferably is at least about two times the 
diameter of the fluid injectors. The size of the injectors 
should preferably be such that back pressure which may 
tend to hinder the flow of fluid out of the injectors is 
prevented or at least minimized. Further, the drain 
passages preferably are spaced about at least one drain 
passage diameter apart so as to allow an efficient fluid 
flow from the fluid injectors and to the drain passages. 

Additionally, the distance between the drain passages 
and the fluid injectors is greater than radii of either. 
Preferably, the fluid injectors and the drain passages are 
separated by at most a distance equal to twenty time the 
diameter of the injectors. If the drain and the injectors 
were any farther apart, the fluid jet emanating from the 
fluid jet injector would not be strong enough to be 
effective. 

Typically, the various fluid flow manifolds may be 
formed from, for example, plastics such as LEXAN, 
PVC, CPVC, or KYNAR, among others. The manifold 
may be constructed by joining multiple layers of mate 
rial appropriately formed or machined with the de 
picted passages and cavities. Regardless of which en 
bodiment is used, the fluid flow manifold(s) may be 
located away from the edge of the substrate a distance 
equal to about 3-4 diameters of the fluid jet injectors. 
Typical substrates treated according to the present in 
vention vary from about 0.5' by about 0.5' up to about 
30' by about 30', although larger or smaller substrates 
may be treated. The fluid flow manifold may be made 
up to about 42' to about 44". However, larger fluid 
flow manifolds may be made according to the present 
invention. 

In the above-described embodiments, typical pulse 
rates are from 1-4 hertz. In operation, the fluid flow 
alternates between injectors. 

In the embodiments of the present invention de 
scribed above fluid flow is alternated between sets of 
fluid jet injectors and fluid manifolds to produce a vary 
ing flow pattern impacting upon the surface of a sub 
strate being treated. In alternative embodiments of the 
present invention, an activated set of fluid supply chan 
nels and an injector mask are noved relative to each 
other to change the fluid flow pattern. One embodiment 
of such a fluid treatment apparatus is shown in FIG. 5. 
The embodiment shown in FIG. 5 includes fluid supply 
assembly 50 having a fluid head including a plurality of 
fluid supply channels 54. The fluid supply channels may 
also be seen in FIG. 7 as outlined by small dots. The 
fluid supply assembly is located adjacent a surface 57 of 
a substrate 56 to be treated. 
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Preferably located between the fluid supply assembly 

50 and the substrate 56 is an injector mask 58. The fluid 
injector mask 58 is shown in cross section in FIG. 8. 
The injector mask includes a plurality of passages 
formed therein to allow fluid to flow from the supply 
channels 54 of the fluid head of the fluid supply assem 
bly 50. 
The injector mask 58 includes a plurality of apertures 

60 allowing fluid to flow from the fluid supply channels 
54 to the Surface 57 of Substrate 56. As the fluid flows 
through the apertures 60, it is formed into fluid jets. The 
passages 60 in the injector mask 58 are situated to selec 
tively allow fluid to flow from certain portions of the 
fluid supply channels. By moving the fluid supply as 
sembly relative to the injector mask, and/or the sub 
strate 56, the flow of fluid through the injector mask as 
well as the flow of fluid over the surface of the substrate 
56 may be altered. By varying the movement of the 
fluid head, injector mask, and/or substrate 56, the fluid 
flow may be altered in a desired manner. The changing 
fluid flow causes the flow distribution on the device to 
rapidly change direction. This changing flow pattern 
changes the fluid flow such that stagnant areas are re 
placed with fresh fluid and trapped contaminants in 
these areas are washed away. As a result, fresh active 
fluid is replenished in the fluid layer adjacent the sur 
face of the substrate. Openings in the injector mask 
which are not directly in the path of a fluid supply 
channel at any one time can serve as drain channels 
carrying spent solution to drain channels between the 
injector slots. 
As shown in FIG. 5, the substrate 56, preferably a 

printed circuit board, may be located at a distance, H, 
from the surface 58b of the injector mask. 

Preferably, each of the apertures in the injector mask 
is of equal diameter, D, which ranges from about 5 mils 
(0.005 inches) to about 250 mils (0.25 inches). Apertures 
having diameters smaller than about 5 mils are undesir 
able because they are difficult to fabricate. On the other 
hand, apertures having diameters greater than about 250 
mils are undesirable because they require an undesirably 
large pump flow rate to produce fluid jets. 
The drilled holes which constitute the apertures, 

which actually function as fluid jet injectors, are prefer 
ably all of equal length, L. In this regard, the ratio L/D 
preferably ranges from about 0.5 to about 40. Ratios less 
than about 0.5 are undesirable because they result in 
poorly developed fluid jets. Ratios greater than about 
40 are undesirable because the corresponding apertures 
are difficult to fabricate and require an undesirably 
large amount of pump energy to achieve a useful flow 
rate. 
The apertures are preferably equidistantly spaced, 

with the center-to-center spacing between adjacent 
apertures being denoted by S. The ratio S/D is neces 
sarily greater than one (a ratio S/D = 1 implies the aper 
tures are touching) but is preferably equal to or less than 
about 20. Ratios greater than about 20 are undesirable 
because after the corresponding fluid jets impinge upon 
the substrate 56, it has been found that the resulting fluid 
flows separate from the surface of the substrate 57 and 
form a region of recirculating fluid, which permits un 
desirable re-deposition of debris or spent fluid. 
With reference to FIG. 5, as noted above, the fluid 

jets created by the apertures may be submerged fluid 
jets, i.e., the fluid jets are to be injected into a layer of 
spent fluid covering the surface 57 and substantially 
filling the space between the surface 58b and the surface 
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57 substrate 56. Such submerged fluid jets are achieved, 
in accordance with the invention, by bringing the sub 
strate 56 into proximity with the surface 58b so that the 
ratio H/D ranges from about 0.2 to about 15. Ratios 
smaller than about 0.2 are undesirable because the sub 
strate 56 is then so close to the surface 58b that the 
substrate is likely to become jammed against the surface 
58b. On the other hand, ratios greater than about 15 are 
undesirable because the substrate 56 is then so far from 
the fluid jet injectors that the corresponding fluid jets 
lose an undesirably large amount of momentum before 
impinging upon the substrate 56. 

If the kinematic viscosity of the supplied fluid is de 
noted by nu and the speed of the fluid jets at the fluid jet 
injectors is denoted by V, then the Reynolds number 
associated with each of the fluid jets, defined as the ratio 
VD/nu, preferably ranges from about 50 to about 
30,000. Reynolds numbers less than about 50 are unde 
sirable because the corresponding fluid jets have unde 
sirably small momenta. On the other hand, Reynolds 
numbers greater than about 30,000 are undesirable be 
cause the achievement of such high Reynolds numbers 
requires undesirably high plenum pressures. 
In one example of this embodiment of the invention 

shown in FIG. 9, a fluid supply assembly including fluid 

O 

15 

25 
supply channels having a diameter of drof about 0.020" . 
and located a distance apart L.f. of about 0.060" is sub 
stantially adjacent the injector mask 58. In one embodi 
ment, the distance grbetween the surface of the fluid 
supply assembly and the injector mask is about 0.007". 
In this embodiment, the apertures in the injector mask 
have an inner diameter did of about 0.020' and are ar 
ranged in a hexagonal pattern, such as at the corners of 
a hexagon, a distance apart Ld of about 0.040". The 
distance gi between the surface of the injector mask and 
the surface of the substrate is about 0.040'. 
The above-described example operated with the in 

jector mask moving a speed S of 12 inches per second 
and with a flow Fi through a single injector of 5 cubic 
centimeters per second (0.305 cubic inches per second) 
produces the following operational parameters: 

Formula for 
Value calculation Example 

Pulse duration Max{(df/s) (dd/s) 1.7 ms 
Pulse frequency (major) S/Lif 200 hy 
Pulse frequency (minor) 2S/Ld, 0 = 0 600 he 
Drain-to-injector ratio (Lf/Ld) - 1, 9 = 0 2 
Residence time of fluid (F/dagaLa) 105 ps 
traveling between injector 
and drain during pseudo 
steady pulse 

The fluid supply assembly preferably is connected to 
a fluid source. The fluid source may be somewhat sini 
lar to that shown in FIG. 1 wherein the fluid is con 
tained in a sump or reservoir which also serves to con 
tain fluid flowing off of the substrate as the substrate is 
treated. The fluid may be pumped out of the fluid reser 
voir or sump with a pump and pumped to a fluid supply 
fluid flow supply conduit and connected to the fluid 
supply assembly. The fluid supply manifold preferably 
includes means for distributing the fluid among the fluid 
supply channels. 
A second fluid supply assembly may be added to the 

embodiment by the present invention shown in FIG. 6. 
The second fluid supply assembly 62 preferably is simi 
lar to the fluid supply assembly 50 shown in FIG. 5 and 
described above. The embodiment shown in FIG. 6 
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preferably also includes an injector mask 68 having a 
plurality of apertures 70 formed therethrough similar to 
the injection mask in the embodiment including one 
fluid supply assembly. 
The apertures 60 and 70 formed in the injector masks 

58 and 68 preferably are formed as shown in FIG. 8. 
These apertures 60 and 70 are formed from two oppo 
sitely arranged frustoconical sections 72 and 74 and a 
cylindrical section 76. The narrowest ends of the frusto 
conical sections 72 and 74 preferably are connected by 
the cylindrical section 76. The widest ends of the frusto 
conical sections 72 and 74 preferably intersect the outer 
surfaces 58a and 58b and 68a and 68b of the injector 
masks. 
Such a design of the apertures in the fluid injection 

mask allows the frustoconical section facing the fluid 
supply channels in the fluid supply assembly to help 
collect the stream flowing from the fluid supply chan 
nel. When, for instance, one of the apertures in one of 
the upper fluid supply assembly 58 is not aligned with a 
fluid supply channel, the funnel helps to collect fluid 
and carry it away from the apparatus. In the lower fluid 
supply assembly shown in FIG. 7 the upper funnel may 
help to drain fluid away from the substrate 56. 

Preferably, the fluid supply channels in the fluid sup 
ply assemblies and the apertures in the injector are ar 
ranged so that a certain number of fluid supply channels 
will be aligned with apertures at any given time produc 
ing a given amount of flow. The amount of flow should 
be sufficient to produce the desired amount of flow on 
the substrate surface 57 and 59. 

Regardless of the embodiment, the diameter of the 
apertures in the injector mask preferably are all substan 
tially the same. The size of the apertures should prefera 
bly be such that back pressure which may tend to hinder 
the flow of fluid out of the injectors is prevented or at 
least minimized. Further, the apertures preferably are 
spaced about at least one aperture diameter apart so as 
to allow an efficient fluid flow out of the apertures 
aligned with a fluid supply channel and into the aper 
tures not aligned with a fluid supply channel. 

Additionally, the distance between the apertures 
greater than their radii. Preferably, the apertures are 
separated by at most a distance equal to twenty time the 
diameter of the apertures. If the apertures were any 
farther apart, the fluid jet emanating from an aperture 
would not be strong enough to be effective. 

Typically, the various fluid supply assemblies and 
injector may be formed from, for example, plastics such 
as LEXAN, PVC, CPVC, or KYNAR, among others. 
Regardless of which embodiment is used, the injector 
mask may be located a distance from the edge of the 
substrate equal to about 3-4 diameters of the apertures 
in the mask. Typical substrates treated according to the 
present invention vary from about 0.5' by about 0.5' up 
to about 30' by about 30', although larger or smaller 
substrates may be treated. The injector mask may be 
made up to about 42' to about 44'. However, larger 
injector masks may be made according to the present 
invention. 

In such embodiments, 600-800 hertz is typical of the 
pulse rates which are possible. In operation, the flow 
will actually reverse direction in individual apertures of 
the injector mask since when an aperture is aligned with 
a supply channel, the fluid will flow through the aper 
ture to the substrate and when an aperture is not aligned 
with a supply channel, the aperture will act as a drain as 



5,435,885 
13 

described above. Greater pulse rates are possible with 
the embodiment including the injector mask as com 
pared to the fluid flow manifold because the plumbing 
needed for the fluid flow manifold can dampen the fluid 
flow pulsations. 
The present invention also includes a method of treat 

ing a substrate with a fluid treatment apparatus. Using 
an embodiment of the fluid treatment apparatus of the 
present invention as shown in FIG. 1, the method in 
cludes positioning a substrate under a fluid treatment 
apparatus as described above, providing a treating fluid 
to each set of fluid jet injectors in succession. If the fluid 
flow manifold includes two sets of fluid jet injectors, the 
flow preferably alternates between the sets of injectors 
such that when fluid is flowing through the jets of one 
set of injectors, no fluid is flowing through the other set 
of injectors or is flowing through the other set of injec 
tors at a reduced rate as compared to the active set of 
injectors. In an embodiment including three sets of 
injectors as shown in FIG. 3, the flow preferably alter 
nates in sequence between the set of injectors 32, 36 and 
40 and then back to 32 repeating the cycle. Alterna 
tively, two sets of injectors could be activated while one 
is deactivated. The method of the present invention 
may be practiced with fluid flow manifolds including 
more than three sets of injectors. The fluid jet injectors 
may be activated at any sequence which creates a vari 
able flow pattern of the treatment fluid over the sub 
Strate. 
The method of the present invention practiced with 

the embodiment of the fluid treatment apparatus shown 
in FIG. 1 also preferably includes pumping the treat 
ment fluid from a fluid source such as the reservoir or 
sump 26 using the pump 24. The fluid is pumped to the 
rotating valve 20. The rotating valve, which has been 
previously activated, rotates, thereby establishing a 
connection between the main fluid flow supply conduit 
22 and each of the fluid flow supply conduits 16 and 18. 
The treatment fluid then flows through the branch flow 
fluid flow supply conduits 16a and 18a into the fluid jet 
injector sets. 

Fluid passing through the fluid jet injectors prefera 
bly passes through the drain holes in the fluid flow 
manifold and flows onto the substrate. The fluid reach 
ing the surface 3 of the substrate 4 then acts upon the 
substrate with the desired effect of the treatment fluid. 
Preferably, the fluid flowing onto the substrate is dis 
placed by new fluid flowing onto the substrate from the 
fluid jet injectors. 
Some of the excess fluid may flow off of the substrate 

into the sump where it may then be recycled and 
pumped into the fluid treatment apparatus. However, 
most of the fluid preferably flows from about the sur 
face of the substrate through drain passages in the fluid 
head due to a lower pressure within the drain passages 
than exists at the fluid jet injectors, as described above. 
A negative pressure may be applied to the drain pas 
sages to facilitate the flow of fluid away from the sur 
face of the substrate. The fluid preferably is then 
drained away from the fluid head through the fluid 
drain conduit 30 and into the sump. 

Fresh fluid may be added to the spent fluid in the 
sump. Alternatively, the spent fluid may be discarded. 

In an embodiment of the fluid treatment apparatus 
shown in FIG. 4, which includes two fluid flow mani 
folds, fluid may be simultaneously provided to the fluid 
jet injector in each fluid flow manifold. Alternatively, 
fluid may be pumped to only one of the fluid flow mani 
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folds to treat only one surface of the substrate or the 
fluid may be provided to the fluid flow manifolds in 
sequence. In an embodiment of the invention including 
more than one fluid flow manifold on a side of the Sub 
strate, the injector jets in each of the fluid flow mani 
folds may be reactivated at the same time or in a Se 
quence in which injector sets in less than all the fluid 
flow manifolds are activated at any one time. 
A method of treating a substrate with an embodiment 

of the invention shown in FIG. 5, fluid is provided to 
the moveable fluid supply assembly. The fluid flows 
from the fluid supply channels through the apertures in 
the injector mask and then impacts upon the panel. 
According to the method of the present invention, the 
fluid flow through the injector mask apertures may be 
varied by moving the fluid supply assembly and the 
injector mask relative to each other. Preferably, the 
injector mask is stationary and the fluid supply assembly 
moves. As the fluid supply assembly is moved, the fluid 
supply channels are alternately blocked by the surface 
of the injector mask in which apertures are not formed. 
When one of the supply is aligned with one of the aper 
tures in the injector mask, fluid will flow from the Sup 
ply channel through the aperture and onto the surface 
of the substrate being treated. Typically, the substrate 
being treated by any apparatus of method according to 
the present invention is a printed circuit board. 

Preferably, the fluid supply assembly oscillates in a 
fluid flow supply conduit direction as shown by arrow 
in FIG. 5. However, the supply assembly may oscillate 
in other directions as well or alternatively. Preferably, 
the substrate being treated also moves underneath the 
injector mask as in the embodiment shown in FIG. 5. 
The direction of travel of the substrate is indicated by 
the single arrow to the far right of the embodiment 
Shown in F.G. 7. 
As the fluid passes through the injector mask onto the 

surface of the substrate being treated, the fluid then may 
flow over the surface of the substrate and as it is dis 
placed by more fluid flowing from the same or other 
injector jets through the same or other apertures in the 
injector mask. Preferably, most of the fluid then passes 
into the apertures through which fluid is not being di 
rected from the fluid source channels. The fluid will 
pass into the apertures since the apertures will have a 
lower fluid pressure than the apertures through which 
fluid is flowing. Some of the fluid may also be displaced 
over the side of the substrate as additional fluid contin 
ues to be directed toward the surface of the substrate by 
the fluid supply channels. The fluid may then be col 
lected in a sump similar to that shown in FIGS. 1 and 4. 
The spent fluid may then be discarded, mixed with fresh 
fluid, or pumped straight back to the fluid flow mani 
fold to be passed over the substrate again. 
The method of the present invention may also include 

treating both sides of the substrate simultaneously with 
an apparatus one embodiment of which is shown in 
FIG. 6. In this embodiment, a moveable fluid supply 
assembly and an injector mask are located on both sides 
of the substrate being treated. According to this 
method, fluid may be directed through both of the 
moveable fluid supply assemblies and hence through the 
injector masks onto both sides of the panel simulta 
neously or sequentially. 

In an embodiment in which more than one moveable 
fluid supply assembly and more than one injector mask 
is located on each side of the substrate, the fluid supply 
channels in the fluid supply assemblies may be activated 
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simultaneously or, some number less than the entire 
number fluid supply channels may be activated at any 
one time. The fluid flows through the fluid supply chan 
nels through the apertures in the injector mask and onto 
the panel. The fluid then reacts with the desired mate 
rial on the surface of the substrate and then is drained 
away from the surface of the substrate. 
The fluid may be displaced or may drain through 

apertures in the injector mask through which fluid is not 
flowing at any one time. The fluid may also flow off of 
the surface of the substrate and may be collected. Then, 
the fluid may be recycled, partially recycled or dis 
carded as described above regarding the method in 
which the embodiment shown in FIG. 6 is used. 
The operation of an embodiment of the invention 

including the fluid flow assembly and the fluid injector 
mask is shown in FIGS. 12-15. In FIG. 12, the mask is 
shown in one position. The fluid will flow from the 
channels 54 in the fluid supply assembly into apertures 
61 aligned with the supply channels at that time. The 
arrows emanating from the fluid jet injectors indicate 
the flow of fluid in all directions away from the aper 
tures 61. The fluid will flow along the substrate, acting 
on the substrate as it moves along. The fluid will then 
flow through the apertures in the mask which are not 
aligned 63 with the supply channels at that time. As the 
fluid flows through the apertures, it is traveling the 
reverse direction as when it comes out of apertures. 
Thus, the fluid actually reverses its direction of travel 
through the apertures, unlike the embodiment including 
the fluid flow manifold in which fluid alternately does 
and does not flow through the fluid jet injectors. 

In FIG. 13, the injector mask has moved to the right 
enough to line up with a new set of apertures. In FIG. 
13, it can be seen that the aperture which was aligned 
with the supply channel 54 in FIG. 12, which is the 
supply channel next to the left-most supply channel, is 
not aligned with the supply channel in FIG. 13. There 
fore, in FIG. 13, that aperture will act as a drain passage 
at the time represented by FIG. 13. FIGS. 14 and 15 
represent the apparatus as the mask has moved further 
to the right. 
What is claimed is: 
1. A fluid treatment apparatus, comprising: 
a first fluid flow manifold comprising at least one 

fluid head positioned a first surface of a substrate to 
be treated by a fluid, said first fluid flow manifold 
including at least two sets of a plurality of fluid jet 
injectors formed therein, means for directing a 
fluid into said fluid jet injectors, each of said fluid 
jet injectors creating a fluid jet impinging upon said 
substrate; 

means interconnected with said first fluid flow mani 
fold for supplying said fluid to said fluid injector 
Jets; 

means connected between said supply means and said 
first fluid flow manifold for alternating a flow of 
said fluid through said sets of fluid jet injectors; and 

a fluid source connected to said fluid supplying 
C2S. 

2. A fluid treatment apparatus according to claim 1, 
wherein said fluid flow alternating means comprises a 
valve alternating said fluid flow between said sets of 
fluid jet injectors. 

3. A fluid treatment apparatus according to claim 2, 
wherein said valve comprises a rotating valve, said 
rotating valve including at least two fluid flow paths 
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alternatingly connecting said fluid supplying means 
with said sets of fluid jet injectors as said valve rotates. 

4. A fluid treatment apparatus according to claim 2, 
wherein said rotating valve includes a first fluid flow 
path providing a connection between said fluid supply 
ing means and a first set of fluid flow injectors when 
said rotating valve is in a first position and a second 
flow path providing a connection between a second set 
of fluid jet injectors and said fluid supplying means 
when said rotating valve is in a second position, said 
valve rotates in one direction. 

5. A fluid treatment apparatus according to claim 2, 
further comprising: 
a second fluid flow manifold situated on an opposite 

side of said substrate from said first fluid flow mani 
fold, said second fluid flow manifold comprising at 
least one fluid head positioned on a side of a sub 
strate opposite said first fluid flow manifold, said 
second fluid flow manifold including at least two 
sets of a plurality of fluid jet injectors, means to 
receive a fluid and direct the fluid into said fluid jet 
injectors, each of said fluid jet injectors creating a 
fluid jet impinging upon said opposite side of said 
substrate; 

means interconnected with said second fluid flow 
manifold for supplying said fluid to said manifold; 

means connected between said supply means and said 
second fluid flow manifold for alternating a flow of 
said fluid through said sets of fluid jet injectors; and 

a fluid source connected to said fluid supplying 
CaS. 

6. A fluid treatment apparatus according to claim 1, 
further comprising drain passages draining said fluid 
from about said substrate after said fluid has contacted 
said substrate, said drain passages being formed in said 
fluid flow manifold. 

7. A fluid treatment apparatus according to claim 1, 
wherein said fluid jet injectors are arranged in rows 
with injectors from each manifold alternating within 
each row, a row of said drain passages is formed be 
tween each row of fluid jet injectors, and said drain 
passages are interdigitated with fluid jet injectors. 

8. A fluid treatment apparatus according to claim 1, 
wherein said fluid flow manifold further comprises a 
third set of a plurality of fluid jet injectors, said fluid jet 
injectors of said two sets of fluid jet injectors are ar 
ranged in rows, said individual injectors of the two sets 
are alternatingly arranged within said rows, a row of 
fluid jet injectors of the third set alternatingly arranged 
with drain passages is arranged between rows of fluid 
jet injectors of said first two sets. 

9. A fluid treatment apparatus according to claim 1, 
wherein said fluid supplying means comprises a pump. 

10. A fluid treatment apparatus according to claim 1, 
wherein said fluid supplying means further comprises a 
fluid supply conduit connected between each of said 
fluid jet injector arrays and said rotating valve, each of 
said fluid supply conduits being connected to a plurality 
of branch fluid supply conduits connected to a fluid jet 
injector. 

11. A fluid treatment apparatus according to claim 1, 
wherein said fluid flow manifold is a distance H from 
the surface of said substrate and said fluid jet injectors 
have a diameter D, with the ratio H/D ranging from 
about 0.2 to about 15. 

12. A fluid treatment apparatus according to claim 1, 
wherein each of said fluid jets is characterized by a fluid 
speed, V, at said fluid jet injectors, and the fluid of said 
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fluid jets is characterized by a kinematic viscosity, nu, 
and wherein a Reynolds number associated with each of 
said fluid jets, defined as the ratioVD/nu, ranges from 
about 50 to about 30,000. 

13. A fluid treatment apparatus according to claim 1, 5 
further comprising means draining fluid between said 
fluid flow manifold and the surface of the substrate, and 
means for recycling said fluid back into said fluid sup 
plying means. 

14. A fluid treatment apparatus according to claim 1, 
further comprising more that two fluid flow manifolds, 
each of said manifolds comprising at least one fluid head 
positioned adjacent a surface of said substrate, each of 
said fluid flow manifolds including at least two sets of a 
plurality of fluid jet injectors formed therein, each of 15 
said fluid jet injectors including means for receiving a 
fluid and directing the fluid into said fluid jet injectors, 
each of said fluid jet injectors creating a fluid jet in 
pinging upon said substrate; 
means interconnected with each of said fluid flow 20 

manifolds for supplying said fluid to said sets of 
fluid jet injectors; 

means connected between said supply means and 
each of said fluid flow manifolds for alternating 
said flow of said fluid through said sets of fluid jet 
injectors; and 

a fluid source connected to said fluid supplying 
e3S. 

15. A fluid treatment apparatus according to claim 1, 
further comprising means for collecting fluid drained 
from between said fluid flow manifold and said surface 
of said substrate and fluid flowing off of said substrate 
after interacting with said substrate. 

16. A fluid treatment apparatus according to claim 1, 
wherein said fluid collecting means comprises a reser 
voir and wherein a pump pumps fluid in said reservoir 
into fluid supply conduits connected to said fluid jet 
injector arrays. 

17. A fluid treatment apparatus, comprising: 
a first fluid supply assembly including a plurality of 40 

fluid supply channels formed therein and being 
located adjacent a first surface of a substrate to be 
treated; 

an injector mask interposed between said first fluid 
supply assembly and said substrate, said injector 
mask including a plurality of apertures formed 
therethrough, said injector mask selectively ob 
structing some of said fluid supply channels and 
allowing fluid to pass from said fluid supply chan 
nels to said substrate when a fluid supply channel is 
aligned with one of said apertures, said apertures 
forming said fluid into fluid jets; 

means for supplying fluid to said fluid supply assem 
bly and to said fluid supply channels; 

a fluid source connected to said fluid supplying 
means; and 

means for moving said fluid supply assembly and said 
injector mask relative to each other whereby the 
fluid supply channels aligned with the apertures in 
the injector mask and the fluid supply channels 
obstructed by said injector mask may be altered. 

18. A fluid treatment apparatus according to claim 17, 
wherein said injector mask is a distance H from the 
surface of said substrate and said apertures have a diam 
eter D, with the ratio H/D ranging from about 0.2 to 
about 15. 

19. A fluid treatment apparatus according to claim 17, 
wherein each of said fluid jets is characterized by a fluid 
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speed, V, at said apertures, and the fluid of said fluid jets 
is characterized by a kinematic viscosity, nu, and 
wherein a Reynolds number associated with each of 
said fluid jets, defined as the ratio V*D/nu, ranges from 
about 50 to about 30,000. 

20. A fluid treatment apparatus according to claim 17, 
wherein said apertures in said injector mask also act as 
drain passages, collecting spent fluid and carrying it to 
the drain channels between the slot injectors. 

21. A fluid treatment apparatus according to claim 17, 
wherein said apertures in said injector mask have a 
shape comprising two frustoconical sections connected 
at a narrowest point by a cylindrical section, a widest 
point of said frustoconical sections intersecting an outer 
surface of said injector mask. 

22. A fluid treatment apparatus according to claim 17, 
wherein said fluid jet assembly and said substrate are 
moved and said injector mask is stationary. 

23. A fluid treatment apparatus according to claim 17, 
further comprising: 

a second fluid supply assembly including a plurality 
of fluid supply channels formed therein and being 
located adjacent a second surface of a substrate to 
be treated, said second surface being opposite said 
first surface; 

a second injector mask interposed between said sec 
ond fluid supply assembly and said second surface 
Substrate, said second injector mask including a 
plurality of apertures formed therethrough, said 
second injector mask selectively obstructing some 
of said fluid supply channels and allowing fluid to 
pass from said fluid supply channels to said second 
surface of said substrate when a fluid supply chan 
nel is aligned with one of said apertures; 

means for supplying fluid to said second fluid supply 
assembly and to said second fluid supply channels; 

a fluid source connected to said fluid supplying 
means; and 

means for moving said second fluid supply assembly 
and said second injector mask relative to each 
other whereby said fluid supply channels aligned 
with said apertures in the injector mask and the 
fluid supply channels obstructed by said second 
injector mask may be altered. 

24. A fluid treatment apparatus according to claim 17, 
wherein fluid is supplied to said first fluid supply assem 
bly and said second fluid supply assembly by one fluid 
SOCe. 

25. A fluid treatment apparatus according to claim 17, 
wherein said apertures are arranged in rows. 

26. A method of treating a substrate with a fluid, 
comprising the steps of: 

(a) providing a fluid treatment apparatus adjacent a 
surface of said substrate to be treated, said fluid 
treatment apparatus comprising at least one fluid 
flow manifold comprising at least one fluid head, 
said fluid flow manifold including at least two sets 
of a plurality of fluid jet injectors formed therein, 
means for directing the fluid into said fluid jet in 
jectors, means interconnected with said first fluid 
flow manifold for supplying said fluid to said fluid 
injector jets, means connected between said supply 
means and said fluid flow manifold for alternating a 
flow of said fluid through said sets of fluid jet injec 
tors, and a fluid source connected to said fluid 
supplying means; 

(b) introducing a fluid into said fluid supply means; 
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(c) causing said fluid to flow alternately through one 
or more of said sets of said fluid jet injectors; 

(d) causing said fluid to flow through said sets of fluid 
jetinjectors through which fluid did not previously 
flow; and 

(e) draining fluid away from said fluid flow manifold 
and said substrate. 

27. A method according to claim 26, wherein said 
fluid flow manifold is a distance H from the surface of 
said substrate and said fluid jet injectors have a diameter 
D, with the ratio H/D ranging from about 0.2 to about 
15. 
28. A method according to claim 26, wherein each of 

said fluid jets is characterized by a fluid speed, V, at said 
fluid jet injectors, and the fluid of said fluid jets is char 
acterized by a kinematic viscosity, nu, and wherein a 
Reynolds number associated with each of said fluid jets, 
defined as the ratio VD/nu, ranges from about 50 to 
about 30,000. 

29. A method according to claim 26, wherein said 
fluid drained from said fluid flow manifold and said 
substrate is reintroduced into said fluid supply. 

30. A method according to claim 26, further compris 
ing the step of providing a fluid treatment apparatus 
adjacent a surface of said substrate to be treated, said 
fluid treatment apparatus comprising at least one fluid 
flow manifold comprising at least one fluid head, said 
fluid flow manifold including at least two sets of a plu 
rality of fluid jet injectors formed therein, means for 
receiving a fluid and directing the fluid into said fluid jet 
injectors, means interconnected with said first fluid 
flow manifold for supplying said fluid to said fluid injec 
tor jets, means connected between said supply means 
and said fluid flow manifold for alternating a flow of 
said fluid through said sets of fluid jet injectors, and a 
fluid source connected to said fluid supplying means. 

31. A method of treating a substrate with a fluid, 
comprising the steps of: 

(a) locating a fluid supply assembly adjacent a surface 
of a substrate to be treated, said fluid supply assem 
bly comprising a plurality of fluid supply channels 
formed therein; 

(b) locating an injector mask between said fluid sup 
ply assembly and said surface of said substrate, said 
injector mask comprising a plurality of apertures 
formed therethrough; 

(c) selectively obstructing some of said fluid supply 
channels and allowing fluid to pass from said fluid 
supply channels to said substrate by aligning a 
portion of said apertures in said injector mask with 
said fluid supply channels of said fluid supply as 
sembly and blocking a remaining portion of said 
fluid supply channels; 
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(d) supplying fluid to said fluid supply assembly and 

to said fluid supply channels; and 
(e) altering the position of said fluid supply assembly 
and said injector mask relative to each other 
whereby the fluid supply channels aligned with the 
apertures in the injector mask and the fluid supply 
channels obstructed by said injector mask are al 
tered. 

32. A method according to claim 31, wherein said 
injector mask is a distance H from the surface of said 
substrate and said apertures have a diameter D, with the 
ratio H/D ranging from about 0.2 to about 15. 

33. A method according to claim 31, wherein each of 
said fluid jets is characterized by a fluid speed, V, at said 
apertures, and the fluid of said fluid jets is characterized 
by a kinematic viscosity, nu, and wherein a Reynolds 
number associated with each of said fluid jets, defined as 
the ratio V*D/nu, ranges from about 50 to about 
30,000. 

34. A method of treating a substrate with a fluid ac 
cording to claim 31, further comprising the step of 
draining from said fluid supply assembly, said injector 
mask and said surface of said substrate. 

35. A method of treating a substrate with a fluid ac 
cording to claim 34, further comprising the step of rein 
troducing said drained fluid into said fluid supply. 

36. A method of treating a substrate with a fluid ac 
cording to claim 31, further comprising: 

the step of locating another fluid supply assembly 
adjacent another surface of said substrate, said 
other fluid supply assembly comprising a plurality 
of fluid supply channels formed therein; 

locating another injector mask between said other 
fluid supply assembly and said other surface of said 
substrate, said other injector mask comprising a 
plurality of apertures formed therethrough; 

selectively obstructing some of said fluid supply 
channels and allowing fluid to pass from said other 
fluid supply channels to said other surface of said 
substrate-by aligning a portion of said apertures in 
said other injector mask with said other fluid sup 
ply channels of said other fluid supply assembly 
and blocking a remaining portion of said other fluid 
supply channels; 

supplying fluid to said other fluid supply assembly 
and to said other fluid supply channels; and 

altering the position of said other fluid supply assem 
bly and said injector mask relative to each other 
whereby the fluid supply channels aligned with the 
apertures in the injector mask and the fluid supply 
channels obstructed by said injector mask are al 
tered. 
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